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^ ^ ^r^ofl o^tb £<3f^ e)n ^f-a- 5L^Rr ^ «fl^d* 

A <M1 *>-*f wfl^# m<H HL^Rr ^(capping layer)* ^W-. ^§^1 ^>«. 
«ti^ W ^3-2-5. .2-^%Kopening window)* .S.*^ 

[cfll£] 

5. 23 
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^ wfl^ ^ =4- z\?$-Qr i^Rr «V£;*fl r£7> ^ ZL ^2: ^^{Manufacturing method 
and apparatus for semiconductor device having metal resistor and metal wire} 

5= 2 m*i si 4^ ^ tifl^4 m ^ 

tgs>7l 7fl^^ o_s. £A)*V ^S.#o]cf. 

£ 5 £ 10£r ^l^Al^ofl <^ tiVjE^ ^}$\ ^ Hfl^oll ^7l^o.S 

£ Ha ^ £ llbfe £ *fll^HH o]*V ^ sj)^ ^Kg. -gTgS>7l 

€flA-l 7fl^O £ xzX\i£ %#5.^o)t)-. 

5. 19 tfl^l IE 22^ alH^HH oj^- ^ Hfl^ofl 7j 7 ]^o S 
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£ 23£- z\}5^*\ <*M ti>£^l ±.x}9) ^-4? tifl^ofl ^7]^ <^^S)^ 

^ ^^(metal resistor)^: ^^^fe ^ °H o^^l 

<n> ^ e -fr^A} -§-^1^ w]q=^o] ^^o_s. <*]*H ^SZL(analog) €^ (mixed) US. 

■%-%-ir ^tb ^>£^1 ±.AA ^ ^(system on chip)sl-S}jl *}^) 

j7#^^-7l- A^Jl ^4. ^ 3*fH ^-£^1 

<13> £ ti} 51^1 o. ^^7] ^*fl*|^ 71^-^O.S. ^#(11, 

13) #2} Dfl^l (matching) ^Jo] 7l^-^o.S o]s^ 13) # 

3 nfl 41 ^H3# -f^Hl ^€*}7l ^*fl^, 3j) E-] ^ S^o] ^^J. ^ ^ 
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*l, x\*Qr2\ s.^ AVi^ i^>s. ^|^ffH ^ ^-g-s)^- cfs. ^s-ofl o)«V oj^o] ^ 

<u> ol>j) 7 >^s) i&iE.a|| ^3. #3 ^-^(polycrystalline silicon)*^ 

*fl i*}^ (active)* ol -§-*V ^ f ^rf. ^eUil, o]e^ §s] aj^s 

<H^, ^ ^ ^} =L IR^l 3^g* 7VX]J1 oiq-. ol 

(metal resistor)* A>-g-^^ *]5L^o] cf^>7fl 5^. ofl^- s.<>| , oj^. ^fl-Hf-*) 

^iL 2002-231891JL("«hE3l ^-^1^ ^fls 2002^1 8€ 16^ ^7fl)"^ ^^l^ ^-^Ml 

^ 7i%>* ^*Hr ^* 0.4. 

<15> o-|<4 Qo] =4* a^J-* A}%f>}2\^ a] £7} ^1|a1s]ji ^0.14, JH^* -S-^Hr tiKE3] 

<« *<H, #£.31 t}^ aflAl ^(contact)* ^-g-*M -f- 

*fl*1 tifl^l ^ ^7)^0] JE5L<5}jl C-fl, Ol ei *V =4? T^j- 7^9) <£^6\) ^ 

s^^o^ jL^(open)* Ji^T^M fltr ^(over etch) 41 £|*IM 3.7]} t 

<16> £ 2 £ 4^ €-^* ^ 7^J-* tifl^jzf oi^A]^ nfl <|Hm 4 s ^> 
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<17> SL 2 ifl^l £ 4# %2,^M , ^^91 wfl^l ^2:^ ^ , ^]l^^^(21)-gr 

^^Hr ^llMfl^l(31)ol ^^Ji, ^ *HK50)°1 *fil^#(21) ^ofl tis#(41)l- Afojofl 
^Jl ZL^Jl, ^ *HK50)^g- ^JI ^ll«fl^dC31) ^-.9.5. <3#£l^r ^4 ^^]^(etch 

stopper :45)o] ^^14. *i*l#(45) #<*H ^fl2^<d^(25) ^S]:n. x\]2^<£^(25)^r ^ 

**Rr ^^*#(27, 29 H ^ (metal contact) ^4 ^^-5- 3^3*1 ^ 

<18> ol^*V aiz]- 5L 2<H1 *1H<£ w}<4 ^-o] =-4? ^%>(50) ^Hl €^ti*Kr ^4 

*H#(45) ^ ^#^>7fl ^cf. oinfl?}*] *fll«ti^(31) ^} ^1^*(27)^ 

^ ^^(50)4 tifl^s]-^ o^^g- ^tb *ll2€-^-fr(29)£r -^^^o.S. -g^t!: 3°l?r*l ^43?fl 
=lch ZLeiM-, ^ll^^*(27)^r ^llwfl^(31)Sl ^.^^.S. ii#Al^c> s>s.s. ( £ 

3°fl ^lAl^ £o| AlZ]- 4^ C) ^^£)7fl ^tf. 013$ jEfl^ Al^ofl O^SflAi 

^l^^«-(27) iEtb *i*l#(45)# 2n#*>7fl SjJl, x^l^(45)^r ^d^^AS 

afl^^M 3]^*] ^ sj-^ Tfl^- ^^s]JL, o] ofl tcj-e}-, ^2^^*(29)^ 50)^8: 2n 

<19> n^cfl, ^4 x^l^(45)^ aflTHS. Ir^^ZL 1^^(27)^ *fll ti fl^(31)* 

€ ^ *W50)£- SH3>fl , *fl2^*(29H] ^#3^r ^-§-(53)^ 

^Mlfe ^ *HK50H1 WlSfl nfl^ ^>H £]7lM- >8*H 4i^7i] ^4. 

<20> ^1^(37) £ ^12^-^(39)^ o]g\- Qo] ^*»(27, 29)# 44 *1)-?-J&^- ^ 

^S)JL, °le1tV 3-^(37, 39)^1 44 ^^SlTll ^13^^#(27)^- ^l2afl^(35)^l 

56-7 



1020030030510 #^ Qx}: 2003/11/12 

^^(50)4 ^2^^(39)^1 ^#*Hr ^f-slH ^ ^2wfl^(35)2f =4* ^ 

*J-(50)°1 ^.7}^o_S. <&%&^. °H, ^^"(50)^ ■»?-*(£. 24^ 53)<H]£. *fl2 

^(39)°1 ^#*>i4. ^12^^(39)* J§-n ^ ^(50)2] 

^ Y^(55)-i; cfl^-^- Jre^ ^cf. 

<21> o]^ ^-o] ^2^^(39)4 ^ ^%H50) A>olofl ^^. 7 > cfl^f-g- IhtII sjfe. J^o] ^ 

^^(50)^ 4=^ ^(55)AS ^ms)^ ^^r, ^ ^%K50)4 *fl2^(39) -frJL 

^°1 >fl^S]^ SHSKa JE«; ^tr ^ ^(55)ofl *#o] ^ 

* S]"lt4. °m <M ^-£-(55)JLS ^7} ^ o] ^£-(55HH^ ^ ^ 

*J-(50)S] SHM*1 <gi;<g ^ -frl&SM o] «-^-(55)4 ^]2#^(39) ^ #eJN **8=* 

QSL?)?]) ^th ojofl nj-ej-, ^ *HK50)3)- *fl2€-^(39) ^ ^7l^<y ^Bfl7> nfl-f <g 

oVsfl^7li4 4l*H ^ (short )3 711 ^^r. 

<22> ojs.^ ^*>^ ^ ^ ^ ^r^-i- W o V *l *M ^ 7,-l%V(50)ol ^Ifl^s- 

(27, 29)* ^*Rr *HH*1 ^^Sl^M- ^sflsl^ s|tfl*r ^1«B<^> *>M- °l^r ^ # 

^XlO-S. nfl-f ol^cf. C^o), ^ ^^-(50)ol ti>£^ *13KSL3.*1 Al~§-5l7l ^ sfl 

^o^ H ^ o^o] ^^.o. q.^o 1 o> ^ 31, olei*V =4* ^^-(50)ol 

^€*}7l ^IHtt ^ *HK50)* 3tr ^17} tfllf 1000A o^l-sl pfl-f ^ 

< 23 > nfic-il, oisf ^-o] ^ 7^(50)^ ^^7> g^l^ oie^tb 3# 1-^= ^ ^ 

43*11*1711 SlJELS, 9"^ ^1*j-(50)Bl ^11- nfl-f ^711 £^^>7l7> nfl-f o^cj.. 0)^ 

(27, 29)°1 ^^el ^.^(open)Sl^ ^ M.^}7] S]n*\±r ^ 500A ^£^1 ^7>^^1 ^z]- 
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*}^(etch margin)^: ?A°} -S-^^fe Hi . ^ £|«H ^ *11K50)S1 

^3 3.7]] ^ * ^S]7l nfl^-olcf. 

^ -^-71*1 ^ ^2^^(39)2}- ^ ^(50)^ IH^V 

#4* *RV(50)o] aVi^l ^Hl ^-§-slfe 33-1- ^ltHsrRr 

<25> ^ ol^jl^ ^ 71^3 ^Mlfe, ^ *i^g- «11^1 "fl ^ €■ 

^ JL^-^O] ^Hfll- *l3)^&7fl ^ *V£*fl 4i7>o] =4* ufl^ofl ^7l^ O. 

S. <S^5-]^r ^ *^-§- ^*Rr w o >^ ^ cjofl <^*> ali^ 4:7>^1 ^fl^Rr cfl 

<26> ^-7151 7]#^ 4^11- ^*>7l Q] ^ tiflAlofl 7j7l2jO S <£ 

*]■%% SL%*\t= #5.31 ^7}« ^l^-tbcf. ^-71 ti>£^l i*Rr, ^^^ofl 1; 

^s}#-i; i^Kr Hfl#*K ^71 ufl^ lH 1^5}^ ^(capping layer), % #7l 
^€ -°-Hh3%Kopening window)^: #7l afl^d^ -tf^ S.^] ^#*>JI #7l ^ 
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<27> SEfe, #7l tiVS^l ^*Kr, «fl^*r, #7l wfl^^ Stt *l<?!#4, #7l *i<£#* 

^ #7l ufl^H ^ ^^l^, #7l ^<2# #<Hl <£#£]Jl #7l 

<28> ©lufl, #7l ^ #7l ^<3# #<Hl ^^S)^- ^°H<S(MIM) 

^ ^ HL^b #^f ^^-4 ^^*]r #*|| ^€ 3^ ^ 2J<S#<H1 lr&|*r 

<29> A 0 V 7 ]^ 7l#^ ^*>7l tg^S} Cf-g- <U ^ «fl*Hl ^7l^O. 

oo> # 7 ] «v £ ^ ^ ^ wj-w^, ^<a^^r ^r^lsq-, #7l H^ofl £1*11 

^1 ^ *§#*Rr ^l^r, #7} #ofl #7l ^ 

iLJL*}^ ^(capping layer)* ^#*Rr ^741^, #7l ^#^1 #7l ^ Hfl^i^ #^ 
* ^Efl^ o.s. ^#^>fe ^.H^ ^-(opening window)* ^*>^ ^Tjl, ^ #7l #°fl #7l 

SL*H%-%: -g-sfl #7l ^ tifl^d^ #^ S^^l ^#*Kr ^ *1^* ^#*Rr 

<31> # 7 ] ti> £ ^ aflS ^£r, ^^#* ^ *Hr ^Xl^r, #7l ^<S#°fl ^1 «fl 

1^*}*} ^#* 5E^-*Rr ^11 ^ ^2*}^ afl^l-* ^#*Kr ^TTll^, #71 *3<a# ^>Hi # 
71 Tfll ^ nfl^* g^l iLJl*Hr ^#(capping layer)* ^*Rr ^)^, #7l ^ 

iMl #7l ^U^^f tifl^ oq s^* ^#*}tt ^(opening window)* ^# 

^ ^ Til 21-, #71 5^ #^1 #71 ^.H^^* Jg-n #71 ^ tifl^^l #^ fi^l 
^ ^*o V * ^#*>fe #7)1 21-, #71 ^ ^1#* ^12^ <^^* ^#*m ^711, * #71 7^1 



56-10 



1020030030510 %:^ 2003/11/12 

2^^#^r #-f-*M #7l *fl2*Pf- tffl^H ^#*Rr <£7J ^*fl ^ #7l ^ ^7l^ 
<L3. <£21S\^ tifl^ *g#*Hr ^€ ^ Si^. 

<32> ^*V, ^"71 «]r£^ ^7} ^flS ^^r, €<3f^8: ^*Hr ^T^Sf, ^<3M ^ Sfl 

lre^>oi ^el^ 5L#*H=r afli ^ *fl2*l~¥- ^*Rr ^Tflsq-, #7} *i<3# #°fl # 

71 * ^12*}^- tifl^-i-^ tjLJi<5Kr ^(capping layer)* ^*Kr #3l2r, #7l ^ 

#7l afll*}-?- «fl^d^ ^ S^-i: ^30^ .2.5.^ %H opening window)* 

*h=- #71 #41 #71 SL^^-Sr ^-n #7} ## ^#*> 

^o>ol^(MIM)^ 7]nX\B\$] ^4? S$i& &7\) #7l ^%~Qr 

*fl3\3«H #71 Tl^flAlEl^ =.4* # 7 j J^^* #71 ^11^ afl^l 

3#*Hr 7-1^* ^*Rr ^1^, #71 ^ 7^ ^ ^-71 ^SflAjEil- 



^«Rr ^1, ^ #71 ^2^^#* ^r-S-^H #71 *I12«H*- Hfl^Hl ^#*Hr ^ 



<33> <>J7H, a o > 7 i afl^* ^*Kr #31tt #7l ^<d^°ll (trench)* ^«Hr 

#71 #ofl #71 H^^l« *B-f*r ¥3^* *§^*Rr #31, ^ #71 ^#-g- 

#7l ^<£#£l #^T K^o) ^#3^711 ^S^H #7l H31*H Sl-Sfl ^#°| -Sji-^sq^ sfr 7 ] 

<34> JE^, 4>7l ^#^r ^Sl-g" ^ ^Bl§ ^Sj-#3. ^ S« 

^s] o\± *>i4s. <r Sit]-. #7i ^ EiEi-^-(Ti), ^aj- Em^-(TiN), 

(Ta), €^ Ej-^(TaN) * ^s)- ^5l€- f3r^#(TaSiN) o.S °l^*m ^5"^ ^ 
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# ^B) ^vq-s *§#U ^ fl*}. #7l ^ #^^1 #7l #-^ tifl^^ ^e]#* itg- 
§>c^ cfn>A] (damascene process).^ ^ . 

<35> #7l #4* #7] ^3flAlE^ 3^0.3. - o^cf. 

<36> olnfl, #71 #71 ^SflAlE^ O-^^O.^ A>-g-£) 7 l ^ *fl #7l #^ 

*1 <?!^€ ^ ^4. ^-71 <£#3^ ^# oVeflofl #7l #Y ^o)l tfl%t£l^ 

*Hr #311" #71 #JE^1 4:71- *fl2: »o V ^^ Cl ^ 5^. #7l ^ #7l 

'Till ^ ^2^ «fl^ol ufl ^ o^cf. 

<37> gc^ #71 ^ #ofl #71 #-^ tfl^Sl^ ^ 1|#*Kr ^Tfl, ^ #71 

^ ^ #°fl -B-^^ ^#*Kr #3l« #71 #51*11 *fl2 ^ - olc}. 

<38> #71 ^ #71 Tl^flAlE^ £}.J=L ^o.^ ^ oltq), #71 # 

5L*fl i7> ^flS «o V ^^ #71 ^ ^ #* £tt -n-^^* ^#*Kr #31, ^ #71 ^-*d# # 

°fl ^"71 <5>Jf ^ofl cfl^sl^ #^ #^§- ^#*Rr #3l« cl 3E^& ^ Slcf. 

<39> #71 #£^1 ^12: Wo V ^-a- ^<2#* ^§#*Hir #31^, #7l ^^#^1 3} 15*) ^ 

e^>o] ^Sl#* i^*Kr *lll, A2 ^ ^13^ Wfl*I#* *§#*Rr #3131-, #71 ^<^# #^1 
#71 Al, A2 % A]mn- £<H ^*>fe ^(capping layer)* ^#^fe #3l£}-, 

^"71 t2#oH #7l «B^^1 #^ ^em^ o.^ i^t*}^ *ll l$L^ %>(opening 

window)* ^#*Kr #31^, #71 #cHl #71 ^lSLi^^-i: -§-*ti #7l a()l*Hf tifl^S} # 

# £#<i 3#*Hr ^ ^#-8: ^^S. *§^*Rr #31^, #7l ^ ^i^#* 3flBl^^ 
^o>o]^(MIM) Tl^AlE-l^ ^ ^^-* #71 ^1^-S^%>* -f-*fl #7l >fll*>^- tifl 

^ofl T^U^ 7n>* ^#*Rr #31^", #71 ^1^ 7l*j- ^ #71 ^1*>^- ^^"* 
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-fr^f-fr ^*Rr ^]^, -B-^i# £ ^-71 ^ofl *H2*pf afl^ a o v 

71 ^12^.H^%1-* ^fl #7l ^12^ tifl^d^l ^#*Kr *fl2^r 7n>* ^*Kr ^^2}, ^"71 

*fl2^r 7i%V ^ ^3-71 tfJjL #^h8: £^ *fl2^#* ^*Hr #7}], ^ ^-71 *H2*i<3## # 

<40> ^ t ^7} tiV£^l ^7} «o V ^^r, ^71 Hfl^^- ^^Rr ^Tfl^, s&7] Hfl*]# 

^<3#* ^*Hr ^7\}^, ^7] ^f-*H #71 Ufl*H ^71^0.5. ^S)^ €r 

^*fl« ^*Kr #31, ^ #7l ^<£# ^Hl ^-71 ^*Hr 7^j-S- t§A^> 

<41> olnfl, ^1-71 ^^lfe ^B^-g" if5}<^ *§>^ - ojcf. ol ^ ^-71 T^j- 

^Hl!-£- 7H Cf^- ^BflS ^ ^- ^7> 0>2floflAi ^ 
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. n*eM, ^ j£cf ^t^o. 7( J-2:*>7l fl*JH 5%#£\°]& %o] 

^ , ^?HH ^IS. S^l^ &_±±r Aif ^M^-cf. stb, ^ 

# «V£*fl 7l^r^ »^»oH olcfe}-J7 7) 7fl 5]^- ^-f^fl, A o v ^l ^-7) cf^- # SE^ 

«VE*ll 7l^ofl 33 *r 21 31, SE^r, n A>olofl ^301 ^o] 7fl7.1]5H ; i ^ & 

<44> M. i^cq ^AHl-i-oll^^, ^ Hfl/jolL} ^ OH1 o^Sl^ =4f 

^^-JlS*), S^-fr" iE^r *W*(via hole)-!: «g^*Hr ^4 ^ 

^ l^f^, #7ltt 44 ^ 4^4 3*fl ^ Jl43-°S y o v ^m <r &4. 

<45> ojsq- ^-ol > =-4=- 7^o) ^ ^ d^Ejif- #7]^- ^ 91SLB.3,, ^ 

# 4tb ^ ^ v 4* 1000A ol^>^ Dfl o. ^ ofl^tfl, 30 A ifl4 500A ^JE. SE^r 
ZL o]i5>o} £ og^- 5jo] 7Br44. o)6\) ^4=- X\^o] nfl Jf. ^ T^SbS: ^ 

* 4 s 5U4. 
<46> Tlll^AHl 

<47> JE 5 vfl4 S. 10-8: 1^4 ^l^Al^ofl o]*V tiVE^fl ^7>4 ^ wfl^°fl ^71^0.5. 

£^4^7 4^ <8^*Hr €^*>7l 4*fl4 7fl^3-2.S EARl ^Efol4, 3E. 

11a % S. llb^r ^ 2fl^l ^^-i- ^^*V7] ^«fl7i 7fl^3^-S EAjtV ^^E-i-olnf. 
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<48> £ 51- ^-2:^, ^|l^^#(110)-i: *}-¥■ «fl^-&(210, 230)* AlQ 

<2#(110)Sl £A]s]^^ ^^M- tiV£^l <^*V ofl^tfl, 

^l^rEi i*} tij-s.^ s&o] ^wj^cf. oje^ ^7}^ 5£^r ^ 

^g- ^^^>s.s. socn^. «i£^i ^ satf. 

<49> *}-Jf Hfl^#(210, 230)^: ^3 Hfl-id^ ^ SZ^, ^ afl^^ ^-f 4^41 ^# °l-g- 

*r<3 «HM*MI ^€4. «fl# #<H, ^l^fKllO)* «§^tr ^U^fKllOHl 
tifl^#(210, 230)^ fl^r 31*1 (first trench: 111)1- ^^*>J1, ^l^ltr 

1^31*1(111)1 ^fl-fJE.^- ^f-g- ^71 ^ o]nfl ( ^E^o} sJ.tLofl 

*li=#(seed layer) ^ ^ ^ta}^ ^ 0 l^°fl, ^-g- 5^ 

71^1^ ^ of (CMP: Chemical Mechanical Polishing) f-^-S. Jg^-*M o]^^]^. 
«fl^*(210, 230)* <r SZ^. 

<50> ^-Jg, <§^^ <5>Jf Hfl^l-i;(210, 230)£r tifl^ ^2:^1^ ^ VJ f 

°fl «W ^.Efl(via contact) <g^€ *(|2*Hf Bfl-*d(230)3r #4* x-^ofl <^^€ *HWf 
(210)A^- ^ ^4. 

<5i> £ 6* %2«>^, s-r-T- wfl^d#(210, 230)^1 j±jL*Vb (capping 

layer:300)* ^tr^K ^%-$\ ^ «fl^dl-(210, 230)^r ^^l ^^<L3, cfl^ 1.7 

yfi-junSl ^ ^S^ofl o^fl €71^ M-e^ ^ *r*fl*f ^7] 

(210, 230)£] K^€r cfl7lofl ^€ "fl-f ^7fl ^VSj-sMM- iE^ ^.^^ *r ^4. 

<52> on ^]*>7l $l*iM, wfl^^-(210, 230)^) i^ofl 5g#(300)-i- 5=<gsM, W y fl 

*I*(210, 230)^ a>^. - o. ^#(300)^ ^e)^ ^5r#(SiN) ^e)^ 
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^2f#(SiC) ^ ^€ ^ 5Ui=k ojnfl, ^(300)^ #£-§1 ^ tifl^» 

(210, 230)5] ^ K ^o} cfl7l<Hl i-t^^r 3 -8- «<M*Rr sf£S til in 3 ^1 , 

<53> £ 7-8- #2:^, ^#(300)* o.^. ^z^M «fl^d(210)fil ^ 

lc&-*rfe iH^^K opening window:301)^r ^tr 1 }. % v (301)£r *)3h§- 

«fl^(210)^l ^^^7l7l 3*fl JE^Sl^S., ^4? ^^-ofl ^7l^o.5. ^1^ afl^ 

(210)1- -^Hl 1 ?}- ^hh^ o.^. ^^£]7l] 
<54> £ 8# ^-S*>^, #4? x-]*J-#(400)# ^ iLH^(30lHl ^*IH ^#5^ ^11 

^ (210)^1 A o v % ^#*Rr ^ ^iW(400)-a- « 30 A ^fl^l 1000 A $5. 

S. oje^V =.*fc *J*J-#(400)£r <^&| ^ <^mcfl , E]^(Ti), ^s}- e}e]-^- 

(TiN) , ^-^-f-(Ta), €^#(TaN), ^5)- ^l-(TaSiN) ^ Sl^f. °1 

^#(400)^ ^.cf =4? t^J-d] ^^-^o) 

<r ^^-E.S, tflef 500 A ol*>^ ^1, c^mcfl , 30 A tfl*| 300 A ^S.4\ 
^ %°] w}^^.. ^I^AS. cfl^ 500A ^TflsL ^-f, ^7fl7}*l A>-g-s]ji 

fe^ 7i%V^* ^ XlCf. 

< 55 > .£ 91- , =-4* *)*8-#(400)-i- ^E^*H ^ *i%K400)^- o] S ^ 

jjflE^ 34^^. a>^1 Alz}- ^(photolithography and etch processes. ^*J€ 9X°] , 
^%H400)ol ufl-f ^z}- HS.-^* 7}^ ^ ^^l-H^r 

*}EL n>^B.(hard mask)-!- ^JE *> 0 1 ^ ^(400)2} ^^0] a>^1 
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^ZJ- 4^ofl oj^o) ^^£1^5., ^ ^^"(400)^ ^ A> i7 y nfl o. ^ olcf, ^ ) 

^ *KK400)^ n& *fl-f ^€ ^ Sicf. 

<56> g^, o]Q Qo] ^^S\^ =4* *KK400)£- ^*Rr :bHHH 

T^EI, 37|| ^Cf. oj^, ^ yfl^ ^ 2}^ oj^ofl 

*r*83^ ^ ^-Br o.s. ^ ^^-(400)^1 sfl€^ ^I^IM- s^ofl cgfg^. n]^ ^ 

^£2] ji^ ^4 SL^-JL $X*\ &7] nfl^-o]rf. o)6|| tt]-^, *|7lHH ^-SLtb «H1 3 

<57> £ 104 #35:^, ^ ^*J-(400)* ^12^ 150)4 ^^W. o^ofl , ^2^«g 

#(150)4 W*Hr «lo> sgjf( 151 )|. e^#(151)^ wfl^l(230) #*fl ^ 

^Tfl ^^^nf. ^ ^%H400)^r <>H 2fll7ir}-f tifl*I(210Hl oje^ 
-^*(151)^ ^ ^*J-(400) ^ *£SL7\ £4. *J-eH, ^4(151)4 ^*Rr 

^ ^ xi%K 400)o] ^Sfl, ^ ^Jo] « 0 V*l^c}.. 

<58> 151)* jzf^^- >g#(300) -$MM #^L€ ^ 5£4. ^#(300)^ 

#(150)4 <>l-¥-fe ^#4^ ^ ^ ^hmwII- ^ 5U^r *i<£ afef 

^#(300)^- €-^4(151)4 ^tb ^4 4^1*1 ^4 7i*l#A5. ^-§-^r ^ ^4. *}^*) , 
£ 2 ifl^l £ 41- -g^t!: ^ *i*l#4 fsis. ^7} Ags^ 



56-17 



1020030030510 #^ 2003/11/12 

<59> o)Q go] ^hm#(151)o] ^£ ^, ^.^^(i5i)o. ^ o.- ^-Hj^(510)» ^^*Vt4. €■ 

<eo> 31 (510)1- *fl3*i<3#(190)^- ^ , cfPl-Al -g-^ ^12B 31*1 (191)1- ^ 

^^>J1, *fl2B 31*1(191)1- *fl-<Mfr A o V -¥- ^^(590)^- 4^ wfl^d ^21 ^tH}. °1 

"fl, ^ ^(590)^ #^r, w>^*|*WISr ^ wfl*i(210, 230)^1- ^E)^JLS. ^ 

<6i> ^ ^ *HK400)€- t}<#*> 2flH^.S. sflE^sH ^ $X^. 

<62> £ 11a* ^-S^, ^ ^%K451)^ *1%K451) *Hf<*fl ^U^f Hfl^d 

(210)l-ofl <&%S)JL, afllSH*- wfl ^1(210)1- A>o]ollA^ £ llaofl ti><4 ^-ol ^^^O] 

^ 7^£S sflE^^ ^ ^Cf. S^r, £ llb^l ^-ol =4? 7^(453)^ 

^^S. 2|]Bl^^ ^ Xitf. #Efl3 ^ ^-f^l^ £ llb^l 

^-o] ^4=- 7^ 0 V(453H -^^l^cf. 

<63> ^12^AH1 

<64> ^ ^kg. *t£°] ^aj- ^ irflEi^ 4^^- |M *>^1 MIM(Metal Insulator 

Metal) ^Hfls^ ^3flAlE^ #JjL ^q-^. qj^fe. ^ofl ^« 4 s ^#3*1 

£h£^ 43 ^o]l^ v\% ^4- ufl^ f£f *§^*Rr 43* *1-°H MIM ^sfl^Eil- 

^ OT. ^l^tb MIM tS^aIe^I ^-^Hr ^HHH ^ ^1^* f^t^^ 
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<65> £ 12 £ 14fe -& ^^1 »l2^Aloflofl oj^V tiVi^l ^ ^fl-SH ^7l^o.S 

< 66 > £ 121- ^-S^, MIM TislHEi*] ^ W ^ #^(410)* ^#(300) # 

«ll^il-(210, 230)* XU^^CllOHl 4*R1 °l-§-^ olnfl, ^sflA)Ei7l- 

iL^Sl^ ^*H1 S}^ wfl^ll-(210, 230)^ ^1 ^£)£r ^ ^(250)* ^, 

wH^J^(210, 230)* ^tb ^1B€^(111)« ^*Kr ^HHH xll3S^l^(115)7> 
o]e^ *fli ^ *fl3H 31*1 (111, 115) ^1 ^§^1 ^^^ofl ^ ^ tifl*H-(210, 

230) ^ ^ ^^-(250)^1 

<67> ol^ofl, £ 6 # W>Sf P}^7}7|i ^^(300)# ^ ^ *> JL , ^(300 HI 

^.^^%>(301)-i- ^^W. ol^ofl, ^H^%>(301)^- ^-^ XI 1^ yfl^l(210)<Hl ^#*Rr 
#^(410)* 5S#(300) ^Hl 4 >J f ^#(410)^ cf^v ^ #^5L ^ 

Xi^. 1^, ^ ^^-#(410)^- XU^HHH^ ^El-^-CTi), ^ 

si- ElEBr(TiN), Hj-^( Ta ) ; ^ El^( TaN ) ) ^3. ^3 a. ^#(TaSiN) ^SLsL 

<68> £ 13-i- ^S*}^, ^fK410)-g- BflE^^H ^ 400)4 ^"-t- ^(411)* 

°H1 ^el-, ^ ^^-(411)4 *>^f ^^-(250) *H<>1 ^(300) o.^ 
^sflAlEi^ -H-^#o.S. 

<69> £ %V^^ > =.4* 7-1 %V (400) 4- #-*f #^-(411)* £^=r ^12^^^(150)^- ^^tb 

^, £ 10* n^Ms. ^-^1(510), «fl>d(590) ^W^K 
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<70> ^I3^j aHI 

<7i> ^12^^^^^^ ^ MIM ^Efl^ ^^flAlE-l^ ^w. JZ)-^ 

<72> £ 15 ifl*l £ 18^ ^l3^Al^ofl ^ Hfl^ofl #7}^SL3. 

<73> £ 151- ^-2:s>^ , £ 5 £ 7* ^-S^H p}?}7MS *>^- afl^-i- 

(210, 230)* ^U^fKllOH ^>^1 ^* °l-8-*M ^oL, ^(300)* 

7>xl5. *§^tb -f , .£^^-(301)* Xll*>^- «fl^(210)^ 3#*Hr #^(420)* 

^#(300) #^#(420)^: afll^HSj =4, Z\f£%-3\. x,\#7}?)g. *§^€ 

<r °lf ^3 ^ ^tl: ^ l-^JLSi ^€ 4 1 

< 74 > £ 16* ^-S^, ^ #^-#(420)* sflE^^H ^ 7-^(400)4 ^ ^(421)* 

*}J=L ^^-(421)^ ^3flAlBl7> iL^^r ^^^Cf. 

<75> £ 17# , ^ #^-(421)* S^r *€#(423)* «LE*ll 4i7}^ sfl a] ofl A> 

-§-3fe *# #^5L ^ #^* ^ #^-#* aflE^ 

-tf-f #^-(425)* ^tt*}. °H MIM ^Eflo^ ^3x(, AlBl7l . *g^s}t}. 

<76> JE 18* ; Aj-u. ^(425)* ^12^^#(150)* ^ tb ^ , 5- 10* ^<s} 

^ ^tb w>^- ^12^ afl-^(230)^] ^7l^o.S ^^5]^ #i«^(510) ^ ^ wfl^ 

(590) ^^*Vcf. 

<77> ^| 4 ^AH1 
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<78> alU^H^ =4* ^2^Al^)ofl^^- V}$. 7 }X}3, MIM ^Bflo) ^2}|AlE^ #Jf- *}^. 

<79> £ 19 uflxl £ 22^r ^^S] *ll4^AHofl o]^: ti>£^l ^^>o^ ^ afl^ofl ^71^ 

^^S]^ ^ ig^*Kf «o^* -g^^M 7fl^^S. ^Si-Clef. 

<so> £ 19# , ^#(300) MIM ^^0] ^( 4 31)-g- ^W-. ncf 

£ 5 ^1^1 £ 7-g- ^-S^H 4t7^|S *}^f «fl^ll:(210, 230, 

251)^- XU^^dlOH tfn>Al ^j-fr ol-g.^><^ ojofl, ^sflAlEi7> Jl^-Sj^ ^^1 

°\] *i|3SHf tifl^d(251)* 3M XI 1 ^ *ll2Sp?- nfl^(210, 230)^ ^] ^ #4. 

ZLElJl, ^#(300)-g- £ 6* % v i?>H w>sf D}^Hi ^ 

<8i> ol^Lbfl, ^#(300H X13^ nfl>id(251)3 ^ s^^- i^#*>^ Xll^.= ^^-(303)-g- ^ 

°1*<*H, Xll^H^%>(303)^: **fl ^3*}^- tifl*K25lH ^^Kr ^ ^(431)# 
<£tb ^ ^ #^5. o] is}* ^^-(431)* S^r -8-3^(433)^- 4<£tb -fr^ 

<82> £ 201- -n-^i#(431) ^ ^#(300)^- ^^>^^.S ^ *IU*} 

^(210)2] ^ S^-i: ±%-z\tz *)12£.HW(301)# ^tb^. -ff-*l^(431) # 

ofl XH^Y- Hfl^(210)^l ^#*Rr #^§K430)-g- 4<#^ #^5. ^tb4. 

°1 tb ^ #^^r ^l^HHH^ =.4* 4?}7f^|S E}E]-^-(Ti), B]e}--£- 

(TiN), iH^f-CTa) , ^r##(TaN), ^s)- ^e)^- Ej-^( TaS iN) ^ ol-g.^- ^ ojcf. 
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<83> 51 21* , 4 VJ f #^-#(430)* uflE^^H ^ *W400)4 ^ #^(435)* 

<8>S^K °M ^5f, Aj-w. ^ (435) -4 ^w. ^^-(431) ^ zl a}o-|o} -f}- ^^(433) ^.5. o]=^ 
MIM ^3flAlEi7V ^^H, #^-(435)4 ^(levelHl #<*r ^%H400) 

<84> 51 221- ^2^, ^ *1 ^(400)4 tfJf #^-(435)* S^r ^2^^(150)* 

51 10* #S«H £0] ^^^1(510) ^ ^ HflAi(590) f-* ^^^cf. 

<85> ^5^*1^ 

<86> *)15^H1^ ^ MIM ^HflS] ^2flAlE^ <5>Jf ^ #J=L ^* tg^Hf- 

<M 51^ ^g^fe ^-f* ^ 

<87> 51 23-gr ^15^HH £}*V «V5L^1 «fl^°ll #7l3_o.5. ^5]^ 

<88> 51 23* , -£ 5 xfl^l 51 7* A 4^^[ d}| 7 HS *H*- wfl^# 

(210, 230, 251, 270)* ^1^^#(110)^1 4^41 ^* °l-§-*H °1 °fl , ^^AjEi 

7f IL^-S^ ^*H1 a|)3*Hf wflAi(251)* ^rg^V «^ D >^-7>^S. afll ^ ^2^ tifl^i 

(210, 230)4 ^ Stb, 414^ Hfl ^1(270) 5E^1 3M H^tt *U ^ *fl2*> 

wfl^(210, 230)4 ^ ^q-. zl^ji, ^#(300)* Si 6* ^^*V w>4 

<89> ^^(300)^ *J|3S>JjL «H^(251)^ ^ a^* ^1SLS^%>(303)* ^ 

^ll^-H^%>(303)^ *fll*Hf tifl^(2io) #* *)1 2.2.^^(301) 

* #*fl *fll.2.^W(303)* m*}¥- tiflAl(251)^ ^#^>JL ^2.2. = ^ 
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3K301)* wfl^(210)^l ^#*Rr S}^ #^* £ 17* ^-S^H «>5+ 

v}&7}*\5L ol^ofl ; ^>«. *1^#* sflE^H ^11^-4 *KK431')3}- ^ 

(431)* ^^W. ^ ^^-(431)* Hfe *^fK433)* cf^tl: #^5. ^ 

<90> -B-^#(433)* £. 20* %!-2:^>^ «>Sf v}$. 7 }x\g. S&*»*\SL3. ^SH, *fl4S}^ 

«B^d(270)* 2^#*Rr ^13.2.^^^(305)* *§^fh}. °}^-*)} , *\)33lS.^ ^(305)* *«fl 

tifl^i(270)oll ^#*Rr ^ ^#* £ 20* «>^- ^7>^1^ ^, 

*d^#* 2fi^*H ^12^ ^^-(435')^- *i^(435)* °H o)-^, 

^^•(435) ^ ^ #^-(431)4 *8^S)fe 2^ ^^1:(435 , > 431')* 

<9i> oj^ofl _ £ 221- ^S^H ^^tb «>^- 4^7HS, ^12^"# ^*J-(435')^ ^ 

(435)* ^1]2^^#(150)* ^, £ 10* ^-S^>^ n>^-7l-^S ^Sfl 

(510) ^ ^ wfl*](590) ^* *8-^tK 



<92> Ol^^o] ^}2^A}^ vflx] ^^HH^ ^ x^Vo] MIM ^^A]Ei# 

«*Hr 4^ ^ Si** ^*}5^1 n J:, l^^r *W €*gsM ^ 

A]^ ^£ oJCf. 

<93> *)16^H1 

<94> *fl6^Hfe ^%Vo| ^ HflAjoj cfEflol] ^oj^^ ^»*fl#ofl ^^O^ ^^JE 



56-23 



1020030030510 Q*}: 2003/11/12 

^ *i^* ^*Rr "o^-i- ^^l 7fl§f3 6.S S^ltl: 

<96> £ 241- ^S^, afll*H?- afl^i(210) ^ *fl2^- «fl-*](230)* £ 5* 

H><4 n>^-7MS., ^11^^^(110)^1 ^-i- °l-g-*M ^^^4. ^Ill*h¥- tifl^(210)^r 

#* °l«fl, ^ll^^l- *i*l#(330)O-S£ ^-8-^. *Hl^l3- x-l^l#(330) ^Ml 

i 10-8: «>Sl- oftl7^1i ^12^91^(150)^: ^^h*. tj-^-ofl , *fl2^<£^ 

(150)* ^-f-^ ^U^-^#(151) ^ *ll2^*(155)#* ^U^l^ 7i*l#(330)* ^ #sL^ 
°l-g-*Rr Alzj- 52f^o.S. ^tW. ^ll, *Hl^*(151)£: ^12*}^- Bfl-*I(230)*, *fl2€- 
^*(155)^ ^^(210)* ^cf. 

<97> ^1^1, €-^##(151, 155 )!-§- AA ^11^-^^(510) % ^12^-^^1(515)1- ^1 

<H1 «8^*i=K °H, ^-^^#(510, 515)^ ^4 ^ ^#fi£ ol-f-^U *r $14. 

H^i4, ^Sl^o.5. ^bH^s-( 510> 515)* ^-f , .£ 6 ^^1 ^ 7* t£s}^ «> 

4 °}§7HS ^#(£ 6^1 300) -f-* ^ -2.H^C£ 7^1 301)* ^*Rr 

<98> ol^ofl, ^12^^^(150) >M ^ *i *j-^* i}<#^. ^ ^^01, El^CTi), ^ 

s}- ElEl-^-diN), ^#(Ta), ^ ^:%#(TaN), ^s}- ^Hl€- Ej-l:#(TaSiN) %-SL3- ^tb4. 
ol*o]l ( ^-^ W* 3flE^s>al ^-71 *fl2^*ll-I-(515Hl ^^5l^ ^ 

(400)* ^^tj.. ^(S. 6^1 300H ^-9-^1^ £ 8* ^v^.^^ ^^tb 

v}?Y7}x]£. ^.H^%(£ 721 301)* -f-*lH ^12^^^1»(515)^1 ^ 400)^1 
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<99> 1*8-61), ^11^^^(510)1- ^o)sl Q±r *i*l#(350)-§- <8^^h 0^^. *fl2^ 

<ioo> t*§-<Hl, *«2^3- *i*l#(350) ^13*1 <2^( 190)* 51 10* ^2:*H *}Q "\ 

&7}x)3. ol^M, ^13^^^(190)^1 B€*l(191)» *fll^*ll(510Hl ^^Tll ^ 

tH* °1°H, H 31*1 (191)*- ^tt ^3" ij-^^- ^12^^- ^^^(350)^- Aiz^ #S^J5.5L S}<*j ^ 
^€^f. °1^M1, ^ ^* 31^}^ ^#5} ^2^1 Z| ^^(350) « ^-g- ^lTl^V ^#£1 
^ *H 1^*11 (510 HI ^#*Rr ^ wfl*I(590)* 51 10* ^S^M ^ n>^. 7 >^S. ^ 

<101> o)^ a. yv^-g- ^13<?1 ^>c^ #a|«| ^^^o.^, oHl ^ 

3*1 &5L, ?1#3 A>>$ ^ofl^ # ^o)^ ^Al o. ^ 

<102> ^ofl nj-e.^, ^ *J-* afl^^ £E^r ^ ^»ofl <a^5l£^- ^ 

^ ^ *]^<>1 ^ ^ ^^SlTlu} ^51^ ^* ^1^4 3« ^ 

<103> ojofl ofsl-, =4? j^s). =4? tiflAjl- ^71^1 ^ o>^* 3711 afljl 

^ *r #4. <a*H f ^ nfl-f gj=£- ijMI, ofl^cfl, 200A vfl^l 300AS] nfl 
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<io4> o]o\] nfef, ^ -f-^- ^ ^ $ism ^ °n-f 

<105> d^o], ^ 7-^0. afl^i ^*Kr ^^SlH-S, ^£ ^ Zl S.^ ^ 

21-7} 7^ ^r^I^. O]^ tiVE^j ^12: ^ ofl tiflAi ^ -fofli^ -#tfl*}0_ 

^ <r SJU, 6}^sL=L di7}o} ^ofl^ -g^s)^- Dfl^i (matching) ^ €-*fl 
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11 

7 A<£^«\) ^sfl #&K<y if^Rr tifl^; 

#7l wfl*]# gcH iS^fu ^(capping layer); ^ 

#71 ^#°fl *8#€ -2. = ^ ^"(opening window)* #7l Hfl^^l ## 

-2 #71 #o_S ^Kg. if-^m ^ #.51*11 

[3^* 2] 

#71 ^ ^f^- ElBl-^-(Ti), ^s)- ElEl-^-(TiN), ^#(Ta), ftl-f-(TaN) ^ *J 

sj- Hj-^(TaSiN)^.S. °l^-<H*l^r ej^o] if- -o^ ^>q-l- X^-SHr 

^-^i^-S. sj-^r tiVS^ll ^12: «o v ^ . 

3] 

*)12%M1 5^1, 

#7l =-4? cflef 30 A uflxl 1000 A ^Ml* 7M^ ^ uVc^j ^ 

4] 

#71 ^#-8: ^el^ ^ "gsl€- Q^lLS. ol^ol^l^ <2j^o} 1-^1- 

*rM-l- S^r^ 3* ^ ^ wliE^l i*r. 

56-27 



1020030030510 #^ 2003/11/12 

5] 

[^t 1 * 6] 

%<£^°\) ^*ti Ir^Kl 5L^-*Rr wfl-id; 

^-71 ^<S# >M ^ -B-^ ^ ^-8: ^£ <^H<$(MIM)^ 

afl^d-fr ^<>) lis|b *3#(capping layer); ^ 
A o v 7] ^(opening window)* **fl #7l ufl^ ^ a^ofl 

-H #71 ^ ^^Jl ^-71 ^ ^ 2E^ ^-7) ^ #^-4 ^<a*v ^€ 

=4f ^J-o. S^r^r 5}* Sj-fe tiJr^^l ^7>. 

7] 

^71 >8-7l ^ ^ <£^S\°] ^7) -fr&^SLsL o)^^ ^7} *}Jf ^ 

<£%S)±r ^-i- ^HJilS. ^ *VE*11 4i7}. 

[3^8" 8] 

^o^ofl ^^g- s^>^ 
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#7l *3<$#ofl s\n t-&l*Kl 

#7l wfl^d ^ #7l S}^ ^(capping layer); 

^o>ol<^ ^^AjE^l- ^*>7l 3*fl #7l ^-Jl #7l ^ cfl^£| 

711 #^- ^ 

#7l Q&<% ^.H^ ^(opening window)* -f-sfl #7l ufl^ #•!* ^#*} 

-2. #7l #_°iiL <£^5)JL #7l #^ t^S ^ 7^* 

3 -I- ^ aV3E^l ^7>. 

#71 ^<3#<>11 ^«fl t-e-^Kl ^e1#* i^-sRr ^ wfl^i* ^*Kr ^1; 

#71 ^<g^ #ofl ^1-71 sr>^- wfl^I* iH j±Jl^ ^ capping layer)* ^*Kr # 

Til; 

#7l ^&d\] #71 *}^- wfl*!^ #=^ X^* ^Bn^_o S ^.^^ ^-(opening 

window)* ^*Kr #31; ^ 

#71 ^ #oll #71 SL*^%% i§-n #71 *>JjS- afl^o^ ^ S ^ofl ^s}^ =-4* 7-1 
^ ^ *}tt #31* S^r^r ^-8- SKr «>£^ ^7> *fi2: ^ . 

10] 

^9*^1 ^i^A-1, #71 *>*L tifl^* S^fe ^Tim 

#71 ^^^1 B^l^K trench)!- ^sRr #31; 

#71 ?4<£^ #°11 #71 H3!*l« *i)-*Mr ^#-8: ^*Rr #31; ^ 
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#?1 T^M: #7l ^^o] ^je) ^ sg^^H #7l miffl^H ^ 3 

#°1 #71 Sj-Jf tifl^* #7ll« 5E^Kr 3* sj-fe #51*11 

11] 

l^tt 12] 

^19^1 Si^H, 

#7l ^ ^tyfr ElEf^CTi), ^§|- El^(TiN), ^W(Ta), ^3* ^tf(TaN) £ € 
sj- ^e]^ #!"§-(TaSiN)JL5. ol^o^fe <aJ^ =-4* i^- -o] *§#sq^ 

#51*11 rSi*} ^12: «o v ^. 

[3^r 13] 

*I ^*Rr #31; 

#71 em t-ei^Ki ^5i^* sf-^m m ^ ^i2^ ^*Rr # 

31; 

#71 ^<3# #oll #71 *D1 ^ a(|2*Hf afl^s.^ go! Hffb ^(capping layer)* 

^#*Rr #31; 

#71 53^41 #71 ^ni«H¥- tifl^dsl #4 ^^^^.S. i^Rr iL = ^(opening 

window)* ^#*>fe #711; 
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#7l #6fl #7] $L2.^%-£ ^-*fl -8-71 tiflAl^ Aj-s. j^ofl ^^>^ ^ ^ 

#71 ^ ^-fr ^I2^^#^r ^*Rr #711; ^ 

#7l z\}2*£<£^ #7l ^12^ yfl*H 3#*Hr S«*l*f| ^ #7l ^ & 

Sfl ^7> ^2: ^ . 
14] 

^lmni sa°H, 

#7l #7l #-»f wfl^d^r ^^f^-i- i^*><^ 4 D >^1 4^ (damascene 

process) ^ #£^1 i^r « c v ^ . 

15] 

#7l ^<a#oll 2ltfl 1-S^>^1 ^BlM: i^Kr *fll ^ ^2^ «fl*i^§- *i#*Rr # 

711; 

#71 #<fl #71 ^11 ^ Hfl^## S«H HJl^tt ^(capping layer 

^#*Kr #711; 

#7l #71 ^l^r^f tifl^l^ ^ a#^r ^3^-3. _2.H^%K opening 

window)^ H#* r ^ #711; 

#71 #<H] jL^^Kg- #7l ^1^ «ll^^ #^ S^ofl ^#*rS.^- ^ 

o>ol<^(MIM)^ TlsflAlE^ ^ ^fV ^^-8- *l#*Kr #711; 
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^li^ «fl^ofl #4? *§^*Ur #31; 

^-71 ^ £ ^"71 ^aflAlEi* ^12^^^* ^*Hr #31 ; £ 

Sfl U^. 
16] 

^115^1 ^^i, 

i7> 7fl2: wj-^. 
[^T 1 * 17] 

*)U6*cMl A i , 

3# ^ *>fe aV£^] 4i7> TflS «o V ^ • 

[^T 1 * 18] 

*fll7iMl 

i^Kr *Kr «>-£^ 4i7> ^2: »o V ^ . 
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19] 

^118^1 9X°]*\, 

ti>£^] i*} *flS «o V ^ • 

[3^8" 20] 

^17^1 &<H-*1, 

^■71 ^ tfofl -fi-#f^§- ^*Kr ^« t\ 3£f-SRr ^RJAS *Rr 

[3t^ 21] 

^4 «o V ^. 

22] 

tfofl #71 #^-41 Cfl%t£l^ ^-g- ^^Kr c}.^ S d 

23] 
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#7l ^<3f^ ^ej^-fr 5L^-*Rr 2fll, A2 ^ yfl^il-# 

tt #31; 

#7l ^^f- #ofl #7l ^ll, ^2 ^ ^13^ wfl^#^r S<H JjLJl^ ^(capping 
layer)* *§#*Hr #31; 

#7l #7] *Hl^- afl^i^ #<% Al^ilS ^#*>fe ^1^.H^%> 

(opening window)* ^S^^b #31 ; 

#7l #ofl #7l 1-2.^^1- ^f-Sfl #7l wfl^^ #^r 3L#°fl ^#*Kr *\ 

-f- #^-^8: ^^f^-s. ^#isHt #31; 

#7l ^ ^f^g- ^B^H ^^>ol^(MIM) TlsflAlE^ ^ ^^-* ^#*M #7l 

^ll^.H^%>* **fl #7l *Hl*}-f afl*H ^#^Rr *U^r 7-1%!-* ^#*Kr #^1; 
#71 *fli^r 7^%v ^ ^li^ #^a- g^r ^*Rr #31; 

#71 4r^# * #71 ^f^l #71 tifl^Bl #^ ^d^^^-S. ii# 

*Hr *)12^H^%>* ^*Rr #31; 

#7l -fr^ #ofl #7l ^12^.H^%>* -f-*fl #7l *)l2Spf aflAl2l S#°fl 

# J f €^-8- ^#fAS ^^e>^ #31; 

#71 #-f ^f-g" 3flE^^>^ #71 ^ofl tfl^S)^ #^f ^-g; #7l 

*H2J2.H^* *«fi #71 «fl*Hl ^#<5}^ *112^ 71%1-g- ^#*Hir #31; 

#71 *fl2^ 71%V 31 #71 #^- ^1^-* ii^r ^12^^#* ^ ^ Sf^ #31; ^ 
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*!1 *fl2: 
[32^- 24] 

#31; ^ 

^-^^ #51*11 ^llS a o^. 

251 

A oM ^ ^*)1tt ^^8: ^ *Kr #51*11 ^12 

. 

[^*o V 26] 

^1125%H1 

#71 *1*J- oj-eflofl ^-71 <£4 S^-fr ^f>}$= ^^2] ^.s^ Q 

^7l ^#°fl ^-71 ^e}# *§^*H=- 3:7411- c-l Ifs}^ ^ 

^AS. «VE*ll i4 ^12 u o v ^ . 
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